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Abstract   
In the present work, a pulverized coal-fired power plant is studied, to explore the exergy destruction and the pollutant 
emissions characteristics of the plant, a system simulation calculation model is carried out. The system modules 
contain boiler, turbine, and corresponding auxiliary equipments, as well as flue gas desulphurization (FGD) unit. 
Thermodynamic analysis show details of exergy destruction distribution of different components, the results also 
demonstrate that SO2 volume concentration of flue gas in FGD unit outlet is relevant with the plant output work and 
the sulfur fraction of coal, and the latter factor performed the main role to emission concentration. 
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1. Introduction 
It is not realistic to upgrade the total plants which still in their service lifetime with the most efficient 
technologies, therefore, energy consumption analysis and environmental impact assessment of the 
operating power plant units are significant the same as technological innovation activities. During the past 
several decades, energy, exergy analysis has been widely used for the evaluation of different kinds of 
thermal power plants [1-4], and parametric optimization [1] and cogeneration conversion of a 
conventional coal-fired power plant [4] based on thermodynamic analysis are studied respectively. An 
oxy-combustion pulverized coal-fired power plant was simulated with Aspen plus software in [5], and 
operation characteristics and CO2 concentration in flue gas were studied based on the simulation. The 
main objective of this paper is to perform a thermodynamic analysis using design data of an actual power 
plant in china. This paper will identify major sources of losses and exergy destruction in the power plant 
and assessments the emission SO2 concentration in flue gas after desulphurization unit.  
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2. Plant description and analysis 
The single-reheat supercritical coal-fired power plant with a capacity of 600 MWe comprises once-
through tangentially fired boiler, a condensing turbine, a generator as well as corresponding auxiliary 
components and flue gas desulphurization (FGD) unit. The schematic and basic data of the reference 
plant are presented in Fig 1 and Table 1, respectively. The composition information of coal samples used 
in following calculation is listed in Table 2. 
 
Fig. 1. Schematic diagram of the reference supercritical power plant  
Table 1.  Basic data of the power plant 
Name GEN output (kW) MS P (bar) MS T (ć) RH P (bar) RH T (ć) CON P (bar) FW P (ć) 
Value 600,000  242  566 36.42  566 0.0559 275 
Name LH1~4 TTD (ć) HH1 TTD (ć) HH2~3 TTD (ć) GE ¨(%) FG T (ć) AER AIR T (ć) 
Value 2.8 -1.7 0 98.8 124 1.2 20 
Table 2. Composition of different coal samples 
Sample C (%) H (%) O (%) N (%) S (%) Ash (%) Moisture (%) LHV (kJ/kg) S’ (%) 
1 57.50 3.11 2.78 0.99 2.00 23.72 9.90 21981 0.38 
2 50.63 2.98 0.78 3.86 2.28 30.57 8.90 19840 0.48 
3 51.82 3.59 2.50 1.01 2.86 28.72 9.50 20581 0.58 
4 54.63 2.52 0.71 1.77 3.58 29.69 7.10 21120 0.71 
The plant system is modeled and simulated with the Ebsilon software. Some assumptions are made to 
simplify the model solution. For the steam/water cycle, turbines are segmented to 10 stages by the bleed 
steam extraction points, and the gland seal system is neglected due to its minute mass flow. For the boiler 
system, heaters including economizer and air pre-heater are treated as a whole module, which get the air 
and coal input parameters directly; moreover, according [6], assuming the FGD component has a sulphur 
removal efficiency of 0.9. The solve process is depended on the equations of all components which 
established on the basis of mass, energy and exergy balances principle, for any control volume at steady 
state with negligible potential and kinetic energy changes can be expressed, respectively ,by 
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i em = m¦ ¦    (1) 
e e i iQ-W= m h - m h¦ ¦    (2) 
heat e e i iX -W= m ψ - m ψ +I¦ ¦    (3) 
Where the net exergy transfer by heat at temperature T and the total exergy rate associated with a fluid 
stream (with dead state P0 and T0 are 1 bar and 0ć, respectively) are given, respectively, by  
 heat 0X = 1-T /T Q¦    (4) 
 0 0 0X=mψ=m h-h -T s-sª º¬ ¼    (5) 
Calculation tables for water/steam and air/gas are used IAPWS-IF97 and FDBR, respectively. 
Equations are solved using genetic algorithm, which permits parallel computation. Parts simulation 
results of full load level of the plant and also a deviation analysis are shown in Table 3, which show that 
the accuracy meets the need of research well and the assumption used in modeling process are reasonable. 
Table 3. Simulation deviation analysis  
Name MS flow rate (kg/s) Thermal consumption 
rate (kJ/kWh) 
Coal consumption 
rate (g/kWh) 
Boiler¨(%) Turbine¨(%) 
Design parameter 465.98 7587 288 93.13 47.4 
Simulation result 465.18 7658 285 93.8 47 
Relative error (%) -0.17 0.94 -1.04 0.72 -0.84 
Table 4. Exergy destruction (ED) of main components and system exergy efficiency in 100% unit load 
Component ED (kW) Percent ED (%) Component ED (kW) Percent ED (%) 
Turbines 42940 5.44 BL 656010 82.36 
HHs 28900 3.66 FPT 4550 0.58 
DEA 880 0.11 Pipes 4350 0.55 
LHs 9190 1.16 GEN 4780 0.6 
CON 43760 5.54 Exergy¨ (%) 43.16 
3. Results and discussion 
The analysis results of 100% load are shown in Table 4, it is obvious that the notable exergy 
destruction of the main components are consumed in boiler, condenser and turbines. Profiles of different 
unit loads are also calculated, results are shown in Fig 2(a). The largest irreversibility location occurs still 
in the boiler, particularly due to the coal combustion and heat transferring. When loads reduced, the 
percent ED in turbine is raised obviously, namely the irreversibility in the turbine takes the biggest 
proportion of all components, and the system efficiency is reduced at the same time, which also is 
depicted in Fig 2(a). To facilitate the comparison, sulphur fraction of coal samples is converted by diving 
specific dose of low heat value (LHV) of the coal (i.e. S’).  Fig 2(b) shows the charline of the converted 
sulfur fraction with the SO2 emission volume concentration at FGD unit outlet. It is evident that the 
concentration raised proportionally with an increase of sulfur fraction in coalˈhowever, the absolute 
magnitude variation of the concentration with unit loads is small, which is showed in Fig 2(c), the SO2 
emission concentrate is almost the same, 399.208 ppm at 30% load, 399.215 ppm at 100 % load. The 
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results demonstrate that reducing the sulphur fraction in the crude coal is a practical way to get lower 
sulfurous gas emission rate.  
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Fig. 2. (a) Percent ED of main components in different loads; (b) SO2 emission concentrate vs. converted sulphur fraction (S’);  
(c) SO2 emission concentrate vs. unit output load 
4. Conclusions 
In this study, an energy and exergy analysis about a model plant has been carry out, the calculation 
results demonstrate that the irreversibility in the turbine is conversely vary against with other components 
while the unit load reduce, whereas, the SO2 emission concentration is not obviously with the absolute 
magnitude variation, 399.208 ppm at 30% load, 399.215 ppm at 100 % load, and mainly relevant with its 
fraction of the coal.  
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